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In this paper, we propose Real-time Human Proxy (RHP); a concept of real-time human-related

information virtualization for avatar-based interaction. The objective of RHP is to obtain es-

sential information, as form of symbols, from a large amount of data measured by some input

devices. First, we describe RHP. Secondly, we show a prototype system of RHP. The system uses

motion capture systems as input devices, symbolizes motion parameters by gesture recognision,

and displays avatars behaving in a virtual space. Lastly, experimental results are shown.
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Human Proxy



1. �������
�����$j��! �X&YTZuí#"�ï%$�&Wà��Æ°w��y

'�( be�W«Tq�m1UTs*)�+r§�´Tµ��O��, ³ «W�
�.-�/-y�021O§*3�4-�W«rdDnwo\�WÒ�UWVDí��
î@ï\à�­�s-t65&�W²�7�8-y:9�;@s�ë�¡ q�X<Y
Z<����í#"1ï=$�&Wà��Æ°w�1y '�( V��r�ws*>
?Qb � ìO«�d<neo1�_y�@QbO��«BA�CQ�p�>n �
y�Vrq\áràÊ��àED�ÛTÜ@s�ëWnGF�H�jJI�K�L�m
n M Ãrá&ÂQÑ|ã�âON$ÑQP qSR#T&y1óuô�U#V�j
¥W¦T[�UBR�W���q*�!X1Â¼ÛWÜ�s�ë_nÊ±uj�I�K
L&mDn MZY\[�¬ÆÑ ��à\D%P q*]-srV�^`_�®\s
ë�ì�«�a�b��T²�å_ô�c�jJI�K�L�m&ndMfe:g!h
ãDâON$ÑiP �Ej >�kusSl�¡ qD¢¼�!��y&ím"Wï
$�&Wà���°p�1y '�( V�¥�n&¤1s�´Wµ-��Á�n �
yTU#o�nLo
¢����Oy '�( jOµ�d1²1[!b [zb�y-¬��u­�®
¯w�<° �¼s�p�d�«Tqq)S+�r
e<g�h�ãTâsN@Ñ VÊþ
�ut � � �W�TÜ�j�v�� '�( U�o<n@b.w!x>�p�
neo@¢¼�rV�[&Z�s�b\ìe«*yT~ �Bz�{ Ç�²�V*|
{ sut1ü�npvrx�jÊq:o�¡py&Ç_ÇLs*} 'S~ b.�
x>�p�>n�¢&b|§*����UDærnL���wU�oDnOo1�Ty
���uqT¢¼���ey '�( V*�Tø��-y�í#"�ï%$�&Wà
�Q°�� '�( bL�T«S���<y*����j%�!ì�«ud<n�o
���uqJ���-yDë�f s*>_[T¦r§m�TY1s<í#"�ï<$
&�à��Æ°w�rj¼VW�$n�² ³ s�µ�dDn '�( be��«
Vrq�)�+
p&ëJ�
e�gmh_ã&âONDÑ V*�&d�sc �d
� yTU�o�nwo6)�+-UWVrqJ����y���jJ�9¡ sW¥
¦W[Qb.��+$jJ� � ü ��� ��� � � � d�o��Ty
² ³ q=��+T¶�j�ê���m&n¼y�§m�6�uU�o�¡ q¼¥
¦W[r§!�TY�s*����m&nubJ��æ�� � §*����  �
nwo�ÇL²���+T¶r§��@s*����j�� � «B������«
d<nL�Dj��Æn1¢&b|§m�:��U�oÆ¡ q%��+@s* �¡
��«@d�nG} ' j£¢u«B¤�¥�m�n1¢&bpV�¦�§�¨�©
ªuU#o$nLo
e�g
hrãDâ.N�Ñ UrV�qB«<ã<â.N�Ñ
 �¡T¶@V@����¬r�S­�®-�T²
X�òO�mD*X�¯1s��
���L��n¼² ³ q�¥r¦r[�U*�@µ<m�n�°�n-s@V@q
ô�±�²@s*¢�«_y� �¡W¶-y
X�òO��D�X�j=³�Ú�«
����m&n�¢&bps � neo< �¡W¶r§�´�±@s!^µ_Ê®
j�¶TÞ�m&n � � �-qLô�±@s1�����O��nQ �¡_¶
VB¢�«B´�±$jB��d�²B·uU�¸ÆnL² ³ qJ�@s*���
j�� � «B������«@d&nL�@y�¹
º�VB���Td�o6�
�rV*)�+zb£�6?�s*¢@«#�6�-ã-âJ»��&s*n�¼��

�$n�² ³ q=��+T¶�jJ½�¾-m&n�sTV�ô�±�s*¸�n
 �¡T¶uyrõ����.��+W¶�jJ¿-�_�-� �S� �1� �
� � d1o
)�+Sr�e�gmhWã<âONDÑ §�¥_¦r[�y�í!"�ï:$
&Wà���°e�1y '�( s*À���«@d � dWy�VrqL[Qb
[�y-ZuyWÉ$Z�vux�§�Á�Â��@«<d>n_¢$b�s�Ã
ÄmÅ
ÆJÇ*ÈBÉ�Ê�Ë�Ì�ÍÏÎuÐ�Ñ!Ë�Ò�Ó#Ô*Õ#Ö�Æ
×�Ø�Ù�Ú£Û�Ü�Ø�Ý�ÞµßJà�ámâ�ã�ä Ê ßJå Ñ�Ô
æ Ë\ç�çGè�é�Å
Æ ä
ê Ô Ú�ë£ì
í#î�ï%ð�ñ�ò
óõô%ö ßS÷
øµù*ê Å�Æ�Î:Ë�ú#ûµÆ�Ç ä Ë�ü ã
í�î�ï%ð�ñ�ò ó�ôGö ßJý ÆQþ�Ì�ÿ����!ú�û�Æ
��� Ô�� ã=Ý�Þ\ß
	�� Æ�
�ÿ æ Ë����������
ä�� Ô�����Å
Æ ä
ê ú�������� ä �"! È�Ç â
�#âSã þ�Ì�ÿ$#��#Ô$% & ��� ã þ�Ì�ÿ('*)�Ô
+ â�ì ��Ë�����Ô�����Å
Æ � ê È ù-,/. Ë10
2�3�4 ��Ô65�Å
Æ Ý�Þ ÿ$7 � Ê�É ã æ Ë98 �
: ÿ ê Ê ! È�;�< ã
= ü�Ô*Ð�>�Ô�? â ; ���
Ô@��� äA�B! ÈDC�E ßGFIH<äEê Ô ! ÆJÇ
í#î�ï%ð�ñ�ò ó ôGö Ë�J�K�L�M ì ÿ æ Ê$N

Ê$O . Ë�P�Q@R�Ô�����Å
Æ ��� ã�ä Ê ß
S�T
Å�Æ�;�<SÔ���0 2�3U4 � ß ��V 3 Ô T �mÅ
Æ
Ì�W�ÿ�X�Y ê*! Æ£Ç æ Ë�Ì�W ê£â�ì�ã M ì Ë
J�K�L ßDZU[]\�êJâSì ��V�^�_#Ô1`�a â�ã J
K�L��9��V�^�_cb�Ô9d�é(eGÊ`Æ ZU[f\*ß
gmâ
ì�í#îBï=ð�ñ�ò ó ôGö ß�÷ Æ�h�i�ÿ$j ! ÖSÊ
ì ÈEÆ

[1][2]
Ç â��#â
ä ËBÌ@W!ú�� ã�k ��Ë9J

K�LmËDl�m ß
n�o É1��V�^�_#Ô1p�qre�s !��
Ê$t !(�u! ÈBÇ æ Ë�;�< ä Ë�Ì�W�Ô�� ã M ì
ËDJ�K�L#Ô æ Ê�N�Ê�Ë ZU[f\*ß 3Dv Ô�w�x â
y ��!�� Æ ämê%ß"z Y â*ã e � Ô æ Ë�w$x�� ã
{ Ô�J@K�L�Ô�+ âSì�| Ä!Ë ímîBï<ð�ñ�ò ó�ô
ö Ë~} 3 ê �65U�!Ë ! ÈD��� ßuz È�Æ ä
ê Ô
! Æ ê È ù �1��ÿ!ûµÆJÇ
|@� ú�� ã �@V�^�_ ßu� È$; í#î�ï%ð�ñ�ò
óõô%ö ß V � â!ã ÒmÓ ß �6V ^ _EÔ�` a\Å
ÆG;�<BÔ ã"= { 2 Ò�Ó���V��

(Real-time Hu-

man Proxy)
Ôc��È ì���� ÆJÇ = { 2 Ò�Ó��

V�� ê � ã J�K�L�Ô���O ! w�x ß
z ÈEÆ ä
ê
!�HOãB� ÍmË~'"� !9���µß
��� 3 Ô ý 7 â �
V���Å
Æ ó �$��� Ë����#ú�ûEÆ£Ç ä Ë ó6���
� ú���������� ê�â�ì���ò ó ô£ö9���*�A�6�
ó��$��� ß
� È�ÆJÇ ý 7�e£Ê2Æ*�mË� �¡ ß ó
ö�¢$£ �
ÅEÆ äEê Ô Ú�ë6ì ��V�� ß j ! È ã



ä Ê ß J�K�L�Ô�Ö �]¤¦¥ Å*È1 �x êGâSì ��V
^�_�Ô�d�é�Å
ÆJÇ |@� bBú�� ã e � Ô�§�L �
ÿ�¨�x�bSË ã�ä Ë1��� ß
� È$; �f©~ª \9« �
ó ����� ß�¬�g ÅEÆ=Ç

2. ­¯®±°±²�³±´±µr¶f·c¸±¹
2.1 º@»@¼@½@¾Ò�Ó���V�� ê � ã Ò�ÓmË Ý�Þ\ß ómöU¢9£ �
Å�Æ ã ç
;$� æ Ë1¿ ß j ! ù�ê È ù ���!ú�û
Æ£Ç:Ò�ÓmË Ý�Þ ê � ãGÀ o t�Ì ãUÁ Ë9 �¡ ¥
Â l ãÄÃ Ë Â ¥ d Ý#ãÄÅ$Æ#ãÄÇ s � Ê�;�È�É ã
Ê�Ë�Ì�Ô â ÿcÍ !9Î�! � ã æ ËBÒ�Ô65���Å
Æ
Ý�Þ Ð�Ï ß
Ð Å6Ç ó�öU¢9£ ê � ã æ Ê � Ë ù
Í

1 Ñ )�Ë Ý�Þ Ô6��È ì Ë1Ò � ú�û\Æ£Ç�Å !Ö�Í ã Ò�Ó���V�� ê � ã ûEÆGÒ!Ô*Õ#Ö\Æ Ý�Þ
ß ómö�¢1£ ê È ù ��Ó ! Ò � ËDÔ ��Õ@Ö�× Å
Æ ä
êGã Î â]H � æ Ë1¿�Ô ã ó�öU¢1£�Ø �Ù�
æ Ë�Ò�Ë�d k`ß � H�¤
Ú Å äEê ú#û�Æ=Ç
Ò�Ó#Ô�5�Å
Æ Ý�Þ � ã æ Ë1M ì ÿ$Û�Ô�X�Y
ê e�Ê ì ÈµÆ�Ö � ú6� ! È�Ç À�ßDÜ6Ý Æ !
� t ã Ò ê Ò ê ÿ « ö \$Þ6ß óÏôGö ß j ù£ä
ê ÿ�} 3 ú�û*Ê9t ã X�Y ê e£Ê ì È
Æ Ý�Þ Ô
� ã�À6o t@à âSì È�Æuþ�Ì ã àmË�á�â ã$ã È
ì ÈEÆuÑ ã*ã d Ý!ã ÌmË9ä�å ã ?@à�Ô$+�Å
Æ
æcç Ë1è � ã æ Ë�Ò!Ë Î6! ��Ë1éÙ}£ÿ Ü�Ý��
ÊÏÆ£Ç
çU; ã�ä Ê�ÿ ©"¢�ê�ª ß P�Q�w�x�Å
Æ
ä�ê ÿ�} 3 ú�ûBÊ�t ã X�Y ê e£Ê2Æ*w�ë�LmË
Ý�Þ � ã�ì�Ú�ù�êJâSì È
ÆuÑ ã*ãGí  mË�Ñ ã
¥�î è ã ÌmË1��� ã Ó ß
ï Î ù�ê£âSì È
Æ �
� ùð��ã Ì�Ë ï�ñ � ãóò�ô@! ��ÿ Ü$Ý/� ÊµÆuÇ
Ð�Ñ#ú ã ©B¢�ê�ª Ë1P�Q�w�x ß j ! ù ü#Ô�w
ë�LmË�d Ý ��X�Y ê e£Ê ! È � Î â Ê�É ã Ò
ê Ò ê Ë « ö \$Þ6ß ó`ôGö Ô Ù È ì �*ÌmË ï
ñ �@��X�Y ê eGÊ ì È ! È � Î â Ê ! È�Ç�õ
ö�÷ � ¡ Ý!Þ ê æ ù ú ! È Ý�Þ ��Vc��÷µÆ
l�ø�Ô Ú*ëJì�T �(eJÊÏÆGÇ6Ò�Ó���V����*Ò�Ó
ÔBÕ#Ö�Æ Ý�Þµßuù�úµêóû�o�� ÊµÆ�ü � e=Ë ó
öG¢9£ Ô�) S�â*ã X�Y êþý Ö*Ê`Æ*Î:Ë ßBÿ��
÷�ÆJÇ æ â�ì9ÿ�� e�Ê6; ó#öU¢9£ �Ù� æ Ë�Ò
Ó ß d k ÷EÆ£Ç ÿ����Ù� d k Ë 2 Ô���� ê~ª
� ò�ß ÿ����c÷
Æ ä
ê Î<û ¤ ã d k Ô�� í ö
� ï<òc\�� Þ�	�
9ß � Ë Â ú
����Ô�d�é(e£Ê
Æ ä
ê Î<ûSÊ�t ã ©B¢�ê�ª Ë� �¡<Ë Â ú�é(e

Ê`Æ ä�ê Î:ûµÆJÇ
2.2 �����Dº�»�¼�½�¾= { 2 Ò Ó � V �

(Real-time

Human Proxy
ã����

RHP)
ê � ã Ò!Ó��6V

� ß
= { 2 ú9j ! ù Î6Ë�ú�ûEÆ£Ç ä�ä ú����
� } 3 ê£âSì�ã ��V�^�_ ß
� È�; ZU[/\ Ô Ú
Æ « ö \�Þ6ß óõô%ö ß V@� â�ì È�ÆJÇ
��V�^�_ ß�� È�; « ö \�Þ ß ó ô=ö ú�� ã
M ì Ë�J�K�L�� ã ��V�^�_#Ô ZU[]\!ê�âSì J
Kc÷
ÆJÇ�J�K�L�� ã æ Ë ZU[�\BßG| ÒmË
���
êuâ*ì6« ö \9Þ�ß ó�ô.ö ß j ! ù Ç
÷ ! Ö�Í ã
��V�0 2 b�Ô k ÊÏÆJË$��� | 3 Ô Z�[]\ Ë��
ú�û ¤ ã æ Ë�;�< ZU[]\ ��J�K�L | ÒmË1l�m
ß�� )!Ô�p�q~÷
Æ�Î�Ë�ú !�� Ê�t !Ù�
! ÈSÇ
��V�0 2 ßB� È�; « ö \�Þ�ß ó`ôuö Ô Ù È
ì�ã

RHP
ÿ� �!A÷\ÆJÒ�Ó���V�� ê � ã9=�"

# Ë�Ò�Ó ß%$�á!â ��V�0 2 bSË ZU[f\!ê£âSì
d k ÷
Æ'&�(�Ô ��) ÷
ÆJÇU��V�0 2 bBÔ�`�a
eGÊ`Æ Z�[f\ � « ö \$Þ6ß ó`ôGö ß ���#ú9j
! ù Î<Ë�ú�û ¤ ã æ Ë�*�+�� « ö \$Þ ß ó ô
ö Ë Æ`ß�,�- ÷�Æ%.�Y ! Î6Ë�ú#ûµÆJÇ�Ð�Ñ ã
3Uv Ô9J�K�LmË�Ë ÷�ß�ZU[f\ Õ p�qre�s�Æ ä
ê ��Ð�ÏmÔ�/
0
ú!ûµÆ%Ç Ú�ë6ì�ã

RHP
Ô�1

< � Ê`Æ%2�3 � ��� Ë Ú`ù Ô ! Æ=Ç

•
J@K�L ßG= { 2 ú���V��~÷
Æ

•
J$K�L�Ô ��� 3 ! ����x54 ßBz Y â�! È

•
J�K�LmË~'*� !1����ß � �mâSã ��O ! w
x ß=Øco e*s ! HQì\Ú È

•
« ö \$Þ�ß óµôuö Ô9X�Y !  �x ß ó!ö�¢
£ ��÷�Æ

•
� S
âD¥ ÷�È Â ú�d k ÷�Æ

��� ú�� ãEä Ê � Ë�2�3 ß�=�k ÷�Æ
RHP

Ë
6�7mÔ6��È ì���� Æ%Ç
2.3 RHP 8�9�:

RHP
��Ò�Ó Ý�Þ Ë$��� ã óEöD¢�£ � ã õ

ö ã d k Ë
4
&�(�Ô�) S e<Ê Æ%Ç ä�ä ú�� ã

�mË� �¡<Ô���È ì Ë1��� ã ómöU¢9£ � ã d k
Ô6��È ì���� ÆJÇ



2.3.1 ;5<>=@?�A�BDCFEHG
I�J�K�ILB�M�N�O� ��ÿP/�0 ! Ò 2 Ë ÝmÞ Ô���Ë� ]¡6ÿ�û
Æ£Ç ä Ê@� Z�[]\*ßGg�â ; í!îBï<ð�ñ�ò ó ô
ö Ô �RQ � s ! È�Î�Ë#ú�û2Æ<ÿ ã Ò 2 Ë �
�TS Ë� (¡%ÿ�UA�~'�VBè ��W�Û!Ô5X�Y�;�< ã
� ò ¢ ò�Z ¥R[]\ ��^ Ú\ù ! �������!ú$��_
Á6! �@� ß v�` ÷ba äEê ÿ50 â Y�c�K o�ì�ã
� ^  �¡ ß d k ÷�a ä
ê ÿ « ö \$Þ6ß ó`ôGö
^ } 3 æ ^�de^ ú ! Y �@� dTf HOã�ä ^ ���
�9J�K�L�ÿ�g�h ! ����w�x�i Ú*ë�ì�ZU[/\ ^
 �x ßBT � â�!��5j t !(�*! Y äEê ��kr¡ !
��� ê"! a*t ��¤ ú !�H ãB|�l } 3 ê ÷�a «
ö \�Þ6ß óõô%ö�^�m Ý ê d ! ¤ 7>anc

RHP
ú���� ^  Ù¡po�qric5�s�t�u�vbw�x

y�z
{P|~}L�5�~������{��
�5�
(��� MCS) ��5������� s�t
���r���n���n���P�r�~�r�
�

�e� �R e� �n¡�¢ ����� ��£�¤�¥��'¦ �~up§¨ ��©�ª � � �¬«�« ���­� s�t�®��r¯ � �n�s5° £b± t�²�³�´�µ�u ����¶�· �n¸�¹ ��º�»�R�%¼�½ £�¦­¾ u�¿�À �pÁ � ¾ÃÂ�Ä ¯ � �Å�
2.3.2 ÆbÇ�È�É]ÊÌËÎÍDÏLÐ�Ñ�Ò�Ó�Ô

MCS ÕDÖT×ØÖ �D�ÅÙRx���� �pÚ�Û µ���Ü��Ý5��� {]}eÞ
ß�à �Fá�âäã �å�T� á�â ��µ
æ�ç ���]�Tè�é ��ê · � ®��r���Å� è�é ã ��Fë � {ì}pÞ�ß µ�í5îr����ï }�ð�ñ]òn{ä|T}
��ó�ô�õrt�ö Ö'Õ�÷5ø
ù îìs5t�ú ¾ ������µí�îr����ï }]ð�ñròÅ{ä|T} �
û�ü]u
ú��'ý�þ
î��P� ± t�uÅ¼�½ ��ã �ä�'��Ü Ú�Û ��ÿ�� £
á ô ± t ¾ �p° ø ¯�ö¬�Å�
2.3.3 ��� Ë����
	���
��
{P}�Þ�ß ����¯���� ã �R°�Ù��P� Ú]Û �®5��´���� Õ ���b� ¾���� ����° ø ��u�� }��� z�ð! �ñ#"%$�ò
� ¯�&(' ð � � � �R���ö ÖpÕ�÷�ø {P}�Þ�ß �#)�*%+�,r°5� �HÚ]Û
� ��-�.0/�ú � u � � �21 ��&3' ð ��� � �4�5�.5u6&3' ð �07�8�ô�õD�Å�]���:9<; ¦ �
Ü � ���r�R��° ø ��uÅ� �ÅÚ�Û µ y�z�{ |Å}�ì�����ì� � ®���.=/���-r����� �   ¤�¥ ¯öP�n�
2.4 RHP >�?#@A �=B�ëb°

RHP
��C#5ì�¬� ± /�u=D�í�E

F ï }]ð�ñ�òp{ä|T} ��®5��´���¿5À �eÕ ,�G

&:' ð �IH Üb�P��� �T£�¤�¥ ��¦ ��� MCS

� ®��r����� � ¯�un®��5´�µ�§ ¨ �J9<; ¦ ��L� � � ��K=/�&3' ð � � Õ ��� � £ ¯ � �° ø u ������� � ¸#L ¦ H Ü · �NM�O °>�~uP0Q ¦ H Ü � ï }]ð�ñ�ò�{ |'} ��x���R�½ ã�¬��� ��£�¦ KL�H®���´ £ - é õ�G �  Å���
� � £����äã �¬�p° ø u ��zLÞ�zJS �UT�V ����XW ¦
�5� � ����.�° � � ���XW ��Y O /9Z�ì�L��Ü � �5� ��� � K[W~��Ü � ¼�½ � ��
� �   ¦ K
���p��µ�&N' ð ��� � �2H Üì��
� � 9T� £]\I^ ¯�µ ¦ K]ï }]ð�ñ]òÅ{ä|T}
��ú0K0/�u�®5��´ì��¿�À �nÁ � ¾ Â�Ä ¯ � �� � � ¦ �T��«p°5uN_ ��ë � {ì}eÞ�ß �
ÿ��
£!` K3a�ó�¯r nu<b ðH} �dcfe � z �hg ��.�u
H Ü�û �Ni�j ã õ��%¼�½ìµ ¦ K��æ�ç �5���'è�é �b� ± / {ì}eÞ�ß j¬�2k W� � ¯�u�ï }]ð�ñ]òÅ{ä|T} ��¼�½ ¦ Ú�Û �2lm .#/=n�o �Nk We� �T£ ¯ � �e� MCS ÕDÖ
×DÖ �¬�Zp�q Ú5Û�r / � ®5��´rx�¯6_�s0or��p����t�ë�/!u�v £�¦>¾xw ®���´��P�r�y� Õ�z�¬��K��ì¯ ��� �R�5� � £�¤�¥­�T¦ �n�
{ì}�Þ�ß Ú5Û ÕäÖ &N' ð ��� � � 405ì���� � ¯ w � �#{ �������X9#|h} £0~ ¾ ¦ ���
����µ w &N' ð ��� � ����� ����-�.5°6� é
Õ Ö 4�5��P��° ø ¯�ö¬��� MCS ÕDÖ'×­Ö �� Ú�Û � � �P«5« ��K�/#&N' ð � � Õ �3a�óµ#&3' ð �:� · µ��0����®5��´���ó�ôLõ�/�ú
Õ ¦­¾ /�µ ¦ Ö ¦ K�� ã Ö � w MCS Õ>Ö ×
Ö � ¦ K Õ  !.�� ¦ K6���r� Ú�Û w�� O!� w� Ú �#�ì���I�0��ó w2�0� �6��}=�#�ì�6���
¦%� µ���� ã ��G w2����� 9�; ¦!��� �����
Õ w � �6������� ��£ ¼�½ �
ã �ä�Å�H��Ü ÚÛ �2��� � é ÕäÖ 4�5r����� � ¯ w &3' ð �� · � ó]ô�õD�T¼�½å  ¦>¾�w �#����  ± /��Ü � 9<;ì�=4�5��b�5� �  h¡�¢]� ¦ �n�

3. RHP £¥¤§¦©¨«ª­¬®¤°¯²±¥³µ´ ¶
VEIDL

·°¸Tµ
RHP

� �º¹¼»eð ï � � .�/�D�í�½
¾�E F

(Virtual Environment for Immersive

Distributed Learning
w ��� VEIDL) � Ü#5.�/�K¬���

VEIDL
µ�½�¾�²�³�´ r�¿ £ � �

À �=Á#Â�Ã ÕDÖÅÄ�Æ ����D�í�E F ( Ç 1)
¯�ö



Generated Virtual Lecture Space

Student Site 1

Student Site 2 Student Site 3

Teacher Site

VEIDL Server
 VR construction
 Agent control
 View Control...

Ç 1: VEIDL
��í�î��b�hD�í#½#¾

�T� r /��
²�³�´�µ�D�í�È�É���Ê�ar���N&I'
ð � n ÷ /:Ëì�
²�³5´ � ï }]ð�ñ�òn{ | } �
k W �
3.1 ÆìÐ�Ì#Í�Î#Ï

VEIDL
¯�µ w�Ð ²�³�´�µ � � À � �������

� .�/�Ñ]c ñ � T]ï ò w m �����Ø� .0/=Ò $
�p�[Ó ï � � ��Ô Ñ �  :Õ���Ñ¼c ñ �¬� ± /
×DÖ ��°
²5³�´]�:Ö�×0Ø Ú5Û µ {ì}pÞ�ß j ã� w Ë�� Ð ²5³5´ à�Ù o ã �å�'� Ð ²5³�´�µ w
s0o�.�° {]}eÞ
ß � 1 +�K6/�D5í�E F � � }���IÔ ð6 ìñ0"�$�òL� �P� ± / �#Ú . w � �
� Ò $e�H�ÛÓ ïL�0� � �R� ( Ç 2)

�0D�í�E F
µ�²�³5´ì�0&3' ð £�Ü0Ý �r��Þ � ÕäÖ �(ß�à¯ ��Úäã �ä�%�=T�ï ò Õ ÖF×>Ö �å��á�â Ú�Ûµ � �b«5« Ð ²5³�´�� Ù o ã � whã ×�´�&3'
ð �!D5í�Þ � �   � ��²�³5´ì�0&3' ð �:ß�à��ó�ôHõ�°(ä��0á�å � 4�5�.�²5³�´�� �0� ��T���p���P�r�~²�³�´�µ¼9Z�ì��&3' ð �6ß�à
ÕäÖ �0Úäã �]°(Ëì�
²5³�´���&
' ð � n ÷ /ï }rð5ñ�òp{ |�} �
k WÅ� �'£5¤�¥Ø�%¦ �n�
��� ��Ö0×0Ø Ú5Û � ��� ÕäÖ � � «n¯��:æ

Ç 2: VEIDL
�rú�, �<Ö�×#Ø Ú�Û �6æì�

Ç 3:
r#ç �#Ö Ä#è#é#êJë É MCS

� � B5ë��n�
3.2 ��ì�	��%>!í�îÚ�Û �:ï × ��µ w � Ý ·ð¸ £ C�ñ�.=/�K��
êòë É(Ö Ä�è#é � MCS � �%KP�Å�5�����b�
MCS

��µ r�ç é ( Ç 3)
� A�ó#ç é ( Ç 4)

�
2ÿ0� £ öR�%� r0ç é MCS[3]

µ
10 ô ��Ñ�c ñ�hw

PC
ò5ñ���ð w úb�Åý�·­¸ £ C�ñò.�° ê

ë ÉNõ�ö Ú=÷ ¡�¢ E F RPV[4]
��� ± /:5��øä

Õ��ì��� {]����� �P� ± / w �]��T Ô Ñ Ô �Õ!, ��� �Å¦Ø¾ êòë É5¯=ù�� w=ú ê w=ú#û�w



Ç 4:
A�ó�ç ��Ö Ä#è#é#êJë É MCS

ú�ü�wIú�ý�w ú��Tý�þ��r�
3 ÿ������P���rø��� ��£ ¯ � �Å���e��µ w ½	� { � Ú�Û ï ×��®����R�n��
 ¶�w A#ó�ç é MCS

µ
[5]
)��

Ù��r�6��
]� Ù � ã �ì°
2 ô ��Ñ]c ñ � 1 ô�

PC
�P� ± /�5 �xä�Õ
���
��� �5��� µ0Ò

�PòJ»��T� ï�� ð�" ç Ô � � í�îò.#/]ú � w����T Ô Ñ Ô � Õ6,ä�
� � ¦>¾ ê�ë É�¯:ù��ú�� ý ú ê]�
3 ÿ������¬���ìø ��� � £ ¯ ��Å�¬�e��µ w 4�� { � Ú�Û ï × �5®��R�����

×�Ö ��°
�#��Þr� 3 ÿ������å�   � � æPç����� è�é � ��K=/���� Þ
ß j ��� [6]
�

VEI-

DL
¯������R����� Þ�ß µ w � � ��ÿ#� � �� ñ��Hß ��w � ���]Ý��r����� � ¯!C�5 ã �

�%�I½�¾�E F ¯�¼�½ ¦ ��Ü Ú�Û � .=/ w ¸ �¼�½�¯�öb� ��� OäÖ �å� ��� � 4
ÿ#�r�����

Þ
ß � � �ì�r�T� � ��µ w ‘pointing with fin-

ger at’
w

‘looking at’
w

‘walking’
w

‘turn body

to’
¯�ö¬�n�P�e� Ö ���!� Þ�ß �°W#" ¶%$!&�5îr���'� &��   ¦ Wn H��µ w � ��� � .=/

)�� �Å¦ �Å²]³�´R� é ¹�( & �XK¬��� MCS

ÕäÖ × Ö ��° Ú5Û & 1 � w �n� Ö �
��Ü £�)m ã ��°6a5ó��5µ � �*��� Þ
ß & Ë]��²5³�´
�=_�o��R���

+-, .-/0+1, 2

3-, 4 / 5 6 2
7 8-9 :15 6 2;-/ 8 6-< 5 6 2

+-, .-/0= > ?

@-A 5 61/ 5 6 28-/

B A 5 615 6 2C 8 6-< 4C 8 6 2-5 6 2D1A E 6

FHG1IHJLK M0NPORQHN0SPGUT

VXWZY\[\[\[

VXWZY\[\[\[

Ç 5: k�]�^ Ò ß

3.3 _�`�badc�e*f ê%ë Éhg &i��j�k*l�m n�o�p�qr�s�tvuxwzyi{}| k�l
Real-time Transport

Protocol[8]
&i~��������	����q�m��	���h���

f�� ov���b��k�l�������� t�u�w�y�{x�!�
� m�� {����%� a w �z�	�%��� |' b��¡ ���
¢ �b£ f�¤b¥ t¦u�w�yi{���� �

RTCP
q�§

¨�©�ª � ���!k*��«�¬�­�¬�®�¯�°�±%�i²�³�l
���i������p�´ � m�µ�¶�·�¸ f�¹�º�» {¼|�½
¾ ���bq�¿ fÁÀ l f ¶�·�¸bp�Â�oÄÃi�Ä�i�
3.4 Å�Æ�Ç�ÈÉ�Ê p�m � �#��l ¡ � ¹!º�» {!Ë �ÌmiÍ�Î
k���Ï����iÐ�Ñbk�l�Ò�ÓvÔ p*Õ�Ö�×hØv�Ì���
� � q�miÏ ¡ �����iÙ�ÏbÚ�Û {¼| Ï ¡ ÚdÛ {
f�Ü�Ý�f ÚdÛ { ���	�*l�Ð�Ñ	���z�
3.4.1 Þ�Å!ß�àdá
Ù�Ï!ÚÁÛ {�| q�m�â

5
p�ã��	´�ä�åÁæ�ç�è

é â ��� ����ÒÁÓ¼Ô f Ï��	q�ÙbÏ%Ú�Û { p
´dê�ldë���Ã��x�'��æ�ç�è é â f £d��ì�� f
í�î qÁï�� f Ï����iã!��ð f ��� � m�£ f Ï
� | q�mòñ�³�ó�ô%� õ�ö��imò÷ � ÷��hm#ø¼ùúm
û � ü�ý�þ f miÿ�������ê ����� f Ï ¡ f��
	 ��� � m
� Ý�f*¹�º�» { p�ÍÁÎ���
x� �����
í�î f �b�����hæ�ç�è é���� q�m Ï�� f�é �
� × ��� �!Ã�� ã!k*m��i��p�´ �
����� å�Ï
� f�Ý å   � ������� |ò ���¡ �Ì� ¹�º�» {



 � o�ÃÌ��� | m�æ�ç�è é!��� ��"��!k ¹�º
» { p�ÍbÎ%k���Ïb�	p�æbçbè é Ã Ø}��� |
� £ f Ï�����Ò�Ó Ôip*Ù�×�Ø �'� ¢ ��m � �
Ë$#!% ë % �#��l���� ¹bº�» { f�& � q�m('
��¸   ¹�ºz» { pÁÍ�Î$��
��#��l��!��Ï����
kÁå����dq�m�ÒzÓ Ô  !) À p�*,+!���d� | p
å��z� % m��z����-/.!����� % p�m�Ù�Ï�Ú�Û
{ q�m û �zü�ý�m!0�132 w p*ô��Á�*�Ä�'þ�m
4!536 º Ô�7�8 ¹:9�º p�;�<!k*å���Ï�����=
> � ���i���i� � f Ï���q ¹bº�» { f�� o�Ã
��å����*miæ�ç�è é��,� p�k��   êÌl�?�Ï�Ã
���i�
3.4.2 ÅÄÆhß�àdáÙ�ÏbÚ�Û { p�´Áê l�ë���Ãi����Ò�ÓÄÔ f Ï
��q�miÏ ¡ ÚdÛ { p�´Áê lÁ��@ f Ò�ÓvÔ f Ï
¡BA¼| �$C ÃÌ��� �zÏ ¡ Ú�Û {¼| q�m�ï�� f
Ï���pÁÍ�Î!k��*m�Ï����iÙ}äD@�p�E¼ùGF f�H
	�f�I�J � £ fLK$M ��� f�N�O ��� � �zÏ ¡
ÚhÛ { qÁ�!@�p�Ò�Ó Ô  QPLR ´	ä pdÏ¼ù Ë �
S�T p�U�VXW��	ð R���� � m�Ï ¡ ��YÁl�q %
��ÒhÓ Ô R[Z F�Ú�Û { p�\ 5 å�]_^  �� �i�
£ R � % m�ÒzÓ Ô R ÚdÛ { q � � Ë�#�% ��ÿ
WÁl�` ¡ m�£ R Ú�Û { pÁÍ�ÎXW���Ï ¡ Ú�Û {
��~��XW�l�ÒhÓ Ô R Ï ¡ ��Ð�Ñ��%���
3.5 a$bÐ�Ñ�Ã'�b��µ�¶�·�¸ R Ï ¡ � �!�*l�mdc��
e�f � y º�g�h ¬�ÔLi�7!j[kl8nm � E�ob�!���
� R @!m�ÛpkLm trq�6%| W�l

HMD ( s 2ut�Xv º w Ûrknm twq�6 m�â
6)
�����	�dx O m

y H R Ï ¡ p O ×hØ!l�z�{bm�`�´�|$z�}��iÏ
Ë �!� |' ���¡ �i�
4. ~w�����3���Q���Q�
4.1 �$�

RHP
p ´�ê�l[c����ÄÃz�	� Z�� �zã%���

% p�m���� � q
VEIDL

p�`���l���� R Ï��
  ¹�ºd» { � Ã���c�� euf R ÒdÓ�Ô�p��u;
Ã � ���$�x� ã	��������Ò�Ó Ô

1
Z�| Ð,�!Ò

Ó Ô
4
Z p�´�ê�l

VEIDL
��Ï�� ÃÌØ�m[���

� R ¶�·�¸   À,� �
MCS

��~���W�l�c�� e
f pÁ¶�·��	�Ì��¶�·�¸�q�m ¹!º�» {¼| W*l��
� Ã ��l��!�'Ï�� | � � Ã'��l��*å��hÏ����
MCS

Ru��� Ù���mb£ R ����c�� e�f p,���

â
6: HMD

Ã'���zÒ�ÓvÔ R �,��� O ×�Ø!l��!�!�	� �n�
� R

RHP
p�´��dc��$� R ������ã	�!� |� 

 L¡ ��� � m�¿ R ¶�·�¸ |¢RX6 º Ô[7�8 ¹�9
º qÁÙb×�å��d�d£ R � % miÐ$��£ R Ò�ÓvÔ q
��¤�c���¥!��¦dÂ�§���� R & | W[¨ Z���R c
�,�bq*Ù�×�å��	ð R | �	���bâ

7
¦b£ R �,�

��ã����

4.2 ©,ª
â

7
��R µ�«   ¦ Ý ��¨�¬!­�¦�V�® �Ì�

(a)qd¶�·�¸   ¹�º�» {�| W!¨_� � Ãi�,¨���å��
Ï����iÙ�ê���x�¯ ��� �Ì�Á£ R Ï���q ¹�º�»
{ ��ÃÌ��°�±�£ R ����Ò�Ó Ô�¦�qÁÏ���q�²�³
Ã��,¨���å���� ¹bºi» {�  �[´ Ã���å��d� % ±
Õ�Ö!�*Ú�Û { ¦%´*ê¢¨

‘µ ô��iü	ý ’
Ï��   ?

Ï Ã���¨�� ���
(b)
`�´L|

(c)
q�¶!·b¸  �¶

· ¦Áø�Ù���¸L¹uW��_x,¯ ��� �Ì�zÏ������  
‘walking’

¹�º�» { ¦ �!C Ã#��±ºc*� e[f R Ò
Ó Ô¢¦�²!³xÃ'�$¨������

(d)
`�´»|

(e)
q*Ð!�

�Ì÷xÃ�W[¨�����x!¯ ��� ���L¼l�$¦
‘pointing

with finger at’
¹�ºh» {!  ¦x´�ên¨�Ò�Ó Ô(¦

²[³xÃ#�$¨����'�
(f)
q ¹bº�» {¦| W�¨/� � Ã

��¨��Áå���ô R Ï�����Ù�ê ��x�¯ ��� �Ì��ô
R Ï���q ¹�º�» { ��ÃÌ��°�±�c�� e�f R Ò�Ó
Ôd¦�q�²,³�Ã ��¨��då����/� · ±�½ R�¾b¡i 
Ð�� R[·3¾���� ��� |� 

‘looking at’
¦ ¹�º

» { ��Ã��,¨$` � ±#Ò�Ó Ô�¦�²�³xÃ'��¨��!���



(f)(e)(d)

(c)(b)(a)

â
7: VEIDL

¦�`�
Ä�i����� Z�� c���� R
�$�

: MCS
Ru�$R ¶�·�¸

(¿ )
`�´�|uc�� e

f ��R ��ã
(
­

)

5. À�ÁÃÂ/Ä
s,Åb� q$± Z�� c���� R_Æ,Ç ��V[®X±�È!�
¨Lc*� e[f 6 º Ô�7�8 ¹�9�º �'�*��Wd�

RHP¦ Ý ��¨�V$®���� ¢ ��±
RHP

R�t uxw Ô 6
t ¹ m!É$Ê ��� �

VEIDL
¦ Ý �!¨!V!®�±�£

R Ï���æuËv��ã�Wb����£ R �X��±*����� �
VEIDL

 [Z!� �¢c��!�����B�,�   ãxÃ'���Á�
ÌQÍ
s�ÎuÏ q,ÐXÑ ÎuÏ�ÒuÓ�ÔuÕ ÑuÖ�×bÑ ÎXÏ

(2) Ø Z �$¼/Ù R �¢� å yuÚ h/Û 1�¬ ¹p9�º��Ü[Ý����»Þ*±�ß Û�k ÒLà�Ö
(13GS0003)á RÓ,Ô �  
����

âQãrä�å
[1] Phillip Jeffrey, Andrew McGrath, “Shar-

ing serendipity in the workplace”, Pro-

ceedings of the third international con-

ference on Collaborative virtual envi-

ronments, pp.173-179, 2000.

[2] M. Roussou, A. Johnson, T. Moher,

J. Leigh, C. Vasilakis, and C. Barnes,

“Learning and building together in a

virtual world”, Presence, vol. 8, no. 3,

pp. 247-263, Jun. 1999.

[3] N. Date, H. Yoshimoto, D. Arita, S.

Yonemoto and R. Taniguchi, “Perfor-

mance Evaluation of Vision-based Real-

time Motion Capture”, Proc. Workshop

on Parallel and Distributed Computing

in Image Processing, Video Processing,

and Multimedia, in IPDPS CD-Rom

Proceedings, 2003.

[4] æ�ç_è � , é3ç/ê�ë , ìwí¢î �$ï , “ð�ñò[ó[ô!õ °,¦�´[öB÷�ø���ù_ú 9 º
”,
�*�

û ¯�Ñ ©�ü�ý�þ
Vol.43 No.SIG 11 (CVIM

5), 2002.

[5] Satoshi Yonemoto and Rin-ichiro Taniguchi,

“A Direct Manipulation Interface with

Vision-basedHuman Figure Control”, Proc.

HCI International 2003, pp.811-815, 2003.

[6] ÿ���� Z , æ3ç/è � , ìwí¢î �$ï , “���� ð!ñ ���,¦�`_
QöB�u��¦ Ý �[¨ R
	����
�� R ¹	º�»�� �
”, � � 
���� ´ Ñ���$O è � p.265, 2003.

[7] ����è�� , éQç�ê�ë , ÿ������ , æQç�è�
, ì:íBî�� ï , “��� · ð!ñ� ��!�"$#ö&%('�)$*�ö(+-,�.0/Xö  21436587:9$;<
”, ��= 
�����>�? ����@�A�� p.264,

2003.

[8] http://www.cs.columbia.edu/ hgs/rtp/


